ELECTRONIC FUSE 

How do you troubleshoot power-related problems 
without blowing fuse after fuse? Just use our electronic fuse! 

T.L. PETRUZELLIS 



THE ELECTRONIC FUSE IS A SEN- 

sitive fast-acting adjustable cir- 
cuit breaker that will quickly 
become one of your most useful 
bench-top accessories. If you 
have been stumped by a faulty 
electronic circuit and consumed 
a number of costly or hard-to-lo- 
cate fuses, you will appreciate 
this inexpensive circuit breaker. 
All you have to do is connect the 
electronic fuse to the device un- 
der repair, and then adjust the 
^ current threshold control to the 
g value you need anywhere from Vw 
g to 10 amperes. 
2 Additional applications for the 
i electronic fuse include charging 
circuits for marine/mobile/air- 
w craft systems, as well as new cir- 
g cult designs. The electronic 
5 circuit breaker could be used 
gj after the design of a new circuit 
^ to help choose the correct value 
M fuse. The electronic circuit 
«aker is connected in place of 
uie original fuse of the device un- 
48 der repair or test. If the breaker 



"trips," a red LED will light and 
power is cut off. When you're 
ready to continue, simply press 
the reset button. 

Circuit description 

As shown in Fig. 1, two test 
leads are connected In series with 
the normally closed relay con- 
tacts of RY1, a 12-amp fuse (Fl), 
and the two-turn primary of Tl, a 
torroid transformer. The second- 
ary of Tl is wound underneath 
the primary on the half-inch tor- 
riod. The secondary coil is 100 
turns of 30-gauge magnet wire 
with a total resistance of 8 to 10 
ohms. The secondary is con- 
nected to a high-low range 
switch (SI). The switch connects 
to a resistor network to provide 
stability and ease of operation. 
The low range permits values 
from Vio to 6 amperes, and the 
high range includes values from 
1 to 10 amps, with overlapping 
between ranges. Capacitors Cl 
and C2 form a high-frequency fil- 



ter to help reduce spikes and line 
noise. 

Op-amp ICl-a amplifies and 
rectifies the AC input and applies 
it to IC2-a, an LM339 com- 
parator, which is used to adjust 
the threshold, or current, via po- 
tentiometer R4. A clamp is 
formed by D3 which holds the in- 
put of IC2-b to a constant level. A 
filtered DC output is amplified by 
IC2-b and fed to Ql, a 2N3904 
transistor. The transistor 
changes the output of IC2-b to 
the proper level and polarity in 
order to trigger SCRl. When the 
input current exceeds the 
threshold set by R4, the SCR will 
turn on. The relay will now open 
and LED1 will indicate that the 
circuit has been "tripped." The 
LED will remain on and the 
power to the device under test 
will remain off until the reset but- 
ton (S3) is pressed. 

Current consumption for the 
electronic fuse is about 10—15 mA 
at idle and about 100 mA when 




READ/WRITE 



FIG. 10— BLOCK DIAGRAM OF A 4K x 4 static RAM array — parallel memory IC's increase 
bus capacity. 



bits select the desired column. 
The row-address lines are 
strobed into the IC by pulsing the 
row address strobe (ras) input, 
and the column-address lines by 
pulsing the column address 
strobe (cas) input. External cir- 
cuitry must ensure that the prop- 
er set of address lines is applied 
to the IC before pulsing a strobe 
input. 

After the IC receives the full ad- 
dress, chip select and r/w may be 
set up, as with an SRAM, to read 
or write data. The access, setup, 
and hold times apply to DRAM's 
as well. 

Refresh 

As mentioned earlier, DRAM's 
require periodic refreshing, oth- 
erwise their stored charge will 
dissipate. There are several ways 
of refreshing a DRAM system, all 
of which use the ras and cas 
inputs. The simplest method is 
called RAS-only refresh. It in- 
volves holding cas high, which in 
turn holds the output in a high- 
impedance, or disconnected, 
state. The refresh circuitry then 
selects each row in turn, pulsing 
ras low for each row as it is ad- 
dressed. It does not matter 
whether all rows are refreshed in 
one sustained burst, or one row 
between, for example, read or 
write operations. As long as a cell 
is refreshed in time, its data will 
remain intact. 

Hidden refresh is a variation 
on RAS-only refresh in which cas 
is held at logic (for example, 
valid data is maintained on the 
output) while rows are selected 
and refreshed. Depending on 
system timing, cas may be held 
low for several microseconds, 
during which several rows may 
be refreshed. 

There are other variations, but 
all refresh circuits add a fair 
amount of complexity to a cir- 
cuit. Fortunately, however, there 
are refresh-controller IC's for 
many different DRAM sizes and 
configurations. Those IC's reduce 
cost, increase reliability, and de- 
crease required PC board space. 

EPROM emulator 

You can easily assemble your 
own hand-made "EPROM" using 
two common TTL IC s and several 
Germanium diodes. Figure 9 
shows the schematic for a 16 x 4 
memory circuit. It's loosely called 



an EPROM because it can be re- 
programmed at any time by rear- 
ranging the diodes in the matrix. 
Although the circuit is unsuita- 
ble for high-performance or mi- 
croprocessor-based applications, 
it can be used to supply pre-pro- 
grammed bit patterns to discrete 
logic circuits. It also provides an 
excellent demonstration of basic 
memory operation. 

There are eight rows and eight 
columns, yielding 64 bits of 
memory. Two demultiplexers al- 
low access to a particular memo- 
ry cell. One demultiplexer de- 
codes the row and one decodes 
the columns. A 74138 l-of-8 de- 
coder selects the row, and a 
74157 quad two-input multiplex- 
er selects the columns. Address 
lines Al^-A3 drive the 74138 to 
select which one of eight rows 
will be pulled to ground. The col- 
umns are arranged in pairs; ad- 
dress line AO determines which 
member of a pair is connected to 
the output. 

The 1N270 diodes determine 
the bit pattern in the circuit. Ger- 
manium diodes are used because 
of their low forward voltage drop 
(0.3 volts); silicon diodes have a 
higher voltage drop and will not 
work with TTL IC's. 

Every column is pulled high via 
a pull-up resistor. If a diode is ab- 
sent when a particular row is se- 
lected, the column will provide a 
5-volt output. However, if a diode 
is in place, it will be forward bi- 
ased via the pull-up resistor, 
through the 74138, and then to 
ground. The corresponding out- 
put thus becomes a logical 0. 

For example, if address 0000 is 
selected, 74138 output yo (row 0) 
is connected to ground, and all 
74157 inputs are connected to 
the B position. Because there are 



diodes connected to each the B 
inputs in row 0, the output 
would be 0000. If the address was 
0001, row remains selected, but 
the 74157 inputs are switched to 
the A position. The A cells have 
no diodes, so all outputs would 
be high (1111). 

Parallel memory 

Semiconductor memories 
(both temporary and permanent) 
can be placed in parallel to in- 
crease the number of data bits 
available per address, as shown 
in Fig. 10. The circuit is built 
from several 2147 SRAM's 
(4096 x 1). By connecting the ad- 
dress and control lines in paral- 
lel, the same address in all IC's 
will be selected simultaneously. 
The data bits, of course, are kept 
separate. You could just as easily 
place 8, 16, or 32 IC's in parallel to 
create 4K x 8, 4K x 16, or 4K x 32 
memory blocks. 

Conclusion 

Memory is an integral part of 
the high-tech revolution. Even 
the most basic processing circuit 
would be useless without some 
sort of memory to store variable 
data. 

As you can see from our com- 
parison of the many different per- 
manent memory devices, there 
are distinct advantages and lim- 
itations to each type. What you 
choose depends on your individ- 
ual needs — the ROM is inflexible 
but rugged, while the PROM can 
be programmed by the user, but 
only once because it can't be eras- 
ed. The EPROM can be pro- 
grammed and erased over and 
over again but uses a lot of power 
and space, while the EEPROM 
can be programmed while in cir- 
cuit, but is slow. R-E 



PARTS LIST 

AM resistors are Vwatt, 5%, un- 
less otherwise noted. 

R1— 107 200 onms 1 9 » 
R2-442 000 ohms, 1°o 
R3--38 7 100 ohms 1°s 
R4- 165.000 ohTis, 1°c 
R5. R6— 300 000 ohms 
R7— b0 000 ohms, audio-taper 

potentiometer 
R8— 1500 ohms 
R9— 12 000 ohms 
RlO— 18,000 ohms 
R11— 13 000 ohms 
R12— 4700 ohms 
R13— - 2000 ohms 
Ri4 R15- 1000 ohms 
Capacitors 

C1 —200 pF 50 volts, ceramic 
C2— 100 pF, 50 volts, ceramic 
03, C4-— 1 nF SO volts electrolytic 
Cb -100 |iF 50 volts, electrolytic 
Semiconductors 

IC1 -LM358 low-power dual op-amp 
IC2— LM339 quad comparator 
D1-D3— 1N914 diodo 
D4-1N40O4 diode 
LED1 — red light-emitting diode 
SCP1— NTE 5404 silicon-controlled 

Q1 -2N3904 NPN transistor 
Other components 
T1- hand made transformer (s>ee 
text) on 5-inch powdered-iron tor- 

S1— DPDT toggle switch 
32— SPST toggle switch 
S3— normally closed pushbutton 

F1— 12 amp fast-b'ow fuse 

RY1 -DPDT 'elay. 12-volt coil 12- 
amp (.cntacts (or jse two sets of 
contacts ,n parallel see text) 

Miscellaneous. PC board, project 
case, fuse holder al'igator clips, 
30-gauqe magnet wire 24-gauge 
stranded wire - 16-gajge stranded 
wire PC-board scrap for wire 
spool hardware, snider, etc 

Note: The following Items are 
available from T.L. Petruzellis, 
340 Torrance Avenue, Vestal, NY 
13850. 

• PC board only— $8.25 

• Kit of parts including the tor- 
nod core and wire (you have to 
wind it yourself), ICfe, and proj- 
ect case (does not Include a 
power supply)— $44.95 

Specify wires with alligator clips 
or 3-prong female power outlet 
(see text). Add 53.00 S&H. NY 
residents must add 7% sales tax. 
Please allow 4-6 weeks for deliv- 
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FIG. 1— THE ELECTRONIC FUSE Is almost like an adjustable circuit breaker, where 
can adjust the trip point anywhere from 0.1 to 12 amps. 
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FIG. 2— PARTS PLACEMENT DIAGRAM. Because various controls are mounted directly 
on the PC board, you may have to drill tiny pilot holes on the circuit board In the center of 
each control location, place the unpopulated circuit board directly on top of the case, and 
then transfer the holes before Installing the components on the board. 



the relay is pulled in. Both inte- 
grated circuits are single-supply 
types, so any 12-volt battery or 
power supply can be used. 

Construction 

Everything except the relay 
and fuse are mounted on a PC 
board, for which we've provided a 
foil pattern — you can also buy a 
pre-made board if you like (see 
the parts list). If you use the PC 
board, you'll have to drill the 
holes in the case cover very accu- 
rately in order to accept the 
switches, LED. and potentiome- 
ter directly from the circuit 
board. One way to deal with this 
problem is to drill a tiny pilot hole 
on the circuit board in the center 
of each component location that 
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FIG. 3 — THIS WIRE SPOOL allows easy 
winding of the torrold transformer (see 
text). 

must come through the top cover. 
Then place the unpopulated cir- 
cuit board directly onto the top 
cover and transfer the holes. This 
problem should be dealt with be- 
fore installing the components 
on the board. Figure 2 shows the 
parts-placement diagram. 
The torriod transformer was 



constructed from a 0.5-inch 
powdered-iron torriod. A wire 
spool was made from a scrap of 
PC-board material, about VA- 
inches long by Vi-inch wide with 
V-shaped notches cut at both 
ends (see Fig. 3), and 30-gauge 
magnet wire was wound on the 
spool between the two notches. 
The spool was then pushed in 
and around the core of the tor- 
riod (like a sewing needle) form- 
ing a 100-turn coil (Tl's second- 
ary) all the way around the entire 
torriod core (you unspool the 
wire as you make the turns). The 
ends of the 30-gauge magnet wire 
were stripped and carefully sol- 
dered to 24-gauge wires. Five- 
minute epoxy was then brushed 
over the secondary coll. After the 
glue dried, the two splices were 
glued to the edge of the torriod 
with another spot of epoxy to re- 
duce the stress on the 30-gauge 
wires. 

The primary coil was wound 
over the secondary using two 
turns of 16-gauge wire with in- 
sulation heavy enough for about 
12 amps. Heavy linecord can be 
used for the primary if you like. 
The torriod was placed over the 
square notch on the end of the PC 
board (as shown in Fig. 2), and 
attached to the board with a plas- 
tic strip placed over the torriod 
and fastened with two screws. 
One of the 16-gauge wires was 
connected in series with the 12- 
amp fuse; the other end of the 
fuse was connected to an al- 
ligator clip. The other 16-gauge 
wire was connected to one end of 
RYl's normally closed contact. 
The remaining relay contact was 
connected to another alligator 
clip. Note that the relay used in 
the prototype is a double-pole 
unit with the contacts wired in 
parallel to handle higher current. 
Figure 4 shows the prototype. 
^ A later version of the electronic 

fuse replaced the alligator clips 
S with a chassis-mounted female 
§ power receptacle. The device un- 
^ der test is plugged into the outlet 
co on the electronic fuse and a 12- 
uj amp fuse is placed in the fuse 
z holder of the device being tested. 
5 The electronic fuse, set at the 
cc fuse value of the device being 
cl tested, will then fully protect the 
m faulty circuit until you have lo- 
■V cated the problem. Then simply 

1 replace the original value fuse in 
50 the circuit you just repaired. 
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FOIL PATTERN for the electronic fuse PC board. 




FIG. 4 — EVERYTHING EXCEPT the relay 
and fuse are mounted on the PC board. 
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FIG. 5— CALIBRATION IS PERFORMED 
using a 1200-watt heating element coll 
connected to the output of a varlac (see 
text). 

Operation 

Operation of the electronic fuse 
is quite simple. The alligator 
clips connect to the fuse holder of 
the device under test, essentially 
substituting the electronic fuse 
for the fuse that was in the origi- 
nal circuit. First choose the high- 
or low-sensitivity position of SI; 
the low range covers Vio to 6 amps 
and the high range covers 1 to 10 
amps with overlap between the 
two ranges. Next adjust R7 for 



the current setting that best rep- 
resents the desired fuse value. 
Turn on the power switch S2 , and 
reset the electronic fuse by press- 
ing S3. Now turn on the device 
being tested; if LED1 lights, the 
"fuse is blown" and you must re- 
set the circuit by pressing S3. 
Continue to troubleshoot until 
the repair is completed. 

Calibration of the Electronic 
Fuse was performed by using a 
1200-watt heating element coi' 
but an electric fry pan or toastt 
could be used instead. The ther- 
mostat in a fry pan must be 
turned up to maximum or dis- 
abled. The heater is connected to 
the output of a variac and the 
input of the variac is connected 
in series with an ammeter and 
the electronic fuse (see Fig. 5). 
The variac output is slowly 
stepped up in small increments. 
A calibration sheet is placed un- 
der R4's adjust knob. 

Calibration must be done for 
both the high and low ranges. Be- 
gin by selecting the low range, 
and turn R4 clockwise to about 
midway. Next turn on the variac 
and adjust for about 1 amp, then 
rotate R4 to the trip point. Place a 
pencil mark on the calibration 
sheet, back down the variac, and 
reset S3. Bring up the variac to 
the point you just marked for one 
amp, and watch the meter to en- 
sure that you are drawing one 
amp as the breaker "trips." Now 
proceed with the next value, ad- 
just R4 past midway, set the vari- 
ac for two amps, and rotate R* 
down to the trip point. Repeat th 
procedure for each fuse value in 
the low and high ranges. R-E 



